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Non-small-cell lung carcinoma (NSCLC) accounts for approximately 75%--85% of the lung cancers and it is a highly heterogeneous disease.\[[@ref1]\] Despite recent advances in diagnosis and various therapeutic strategies in the past two decades, no real improvement in the survival has been achieved. Tumor stage is the most significant prognostic parameter for lung cancer and it is the basis for deciding treatment option.\[[@ref2]\] Even in early-stage disease, recurrence rate is very high. In addition, prognosis was found to vary significantly in patients with the same stage. Hence, predictive markers have a crucial role in selecting adjuvant therapy for reducing chances of recurrence and improving the survival rate. There are several reports of oncogenes and tumor suppressor genes as potential prognostic markers that can predict survival in patients with NSCLC.\[[@ref3]\] Due to heterogeneity and complexity of lung cancer, multiple markers may be more helpful than using a single marker.\[[@ref4]\] Cytologic samples such as fine needle aspiration, bronchoscopic brushings and washings, and bronchoalveolar lavages are increasingly being used for the diagnosis and subclassification of lung cancer, but sputum samples are rarely used for it. Recently, we have reported sputum homogenization methods by which the whole-cell content of the sputum can be effectively used for morphological evaluation and for molecular analysis including immunocytochemistry.\[[@ref5]\]

The *p53*, a tumor-suppressor gene involved in controlling G1 checkpoint and cell cycle regulation, has antiproliferative and antitransforming activity. In addition, p53 protein has many other physiological functions that induce cell arrest in G1 phase and apoptosis in response to a variety of genotoxic damage or cell stress.\[[@ref6]\] The p16 gene product of CDKN2A/p16INK4a binds CDK4 and inhibits the formation of CDK4/cyclin D complexes, resulting in the inhibition of the cell-cycle-dependent phosphorylation of the Rb protein.\[[@ref7]\] The loss of cell cycle regulatory function of p53 has a synergistic effect with the altered p16 protein status.\[[@ref8]\] Galectin-3 belongs to a family of 15 carbohydrate-binding proteins widely distributed in normal and neoplastic cells.\[[@ref9]\] It is a multifunctional protein found both intracellularly and extracellularly and has a major role in regulation of cell growth, cell adhesion, cell proliferation, angiogenesis, and apoptosis.\[[@ref10]\] Intracellular galectin-3 inhibits apoptosis induced by chemotherapeutic agents such as cisplatin and etoposide thereby initiating cancer progression and drug resistance. Hence, galectin-3 has been reported as a promising marker for tumor progression and survival.\[[@ref11]\] Epidermal growth factor receptor (EGFR; HER-1/ErbB1) is a receptor tyrosine kinase (TK) of the ErbB family. Upon ligand binding and receptor homo or hetero-dimerization and activation (phosphorylation), EGFR signals downstream to the PI3K/AKT and RAS/RAF/MAPK pathways. These intracellular signaling pathways regulate cell proliferation and apoptosis.\[[@ref12]\] In tumor cells, TK activity of EGFR may be deregulated by various oncogenic mechanisms, including EGFRgene mutation, increased gene copy number, and protein overexpression. Improper activation of EGFR TK results in increased malignant cell survival, proliferation, invasion, and metastasis. EGFR overexpression is observed in tumors of more than 60% of patients with metastatic NSCLC.\[[@ref13]\] In this study, immunocytochemistry of these four proteins, namely, p53, p16, EGFR, and galectin-3 has been performed on sputum samples and compared with that of tissue samples to see whether the expression patterns are similar in tissue samples and sputum. In addition, the significance of these proteins in predicting prognosis of lung cancer was analyzed. The putative role of these proteins in cell cycle regulation, apoptosis, and cell proliferation as well as the repeated report of these markers in tissue samples formed the rationale for selecting these markers. Immunocytochemistry with the above panel of markers on sputum samples has not been reported so far.
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The study subjects were selected from a cohort of 3185 patients referred from the Sanatorium for Chest Disease and Medical College Hospital, with a history of chronic obstructive pulmonary disease and/radiologic findings suspicious of malignancy. From this, 90 patients were selected based on adequacy of sputum samples, availability of corresponding tissue samples, and clinical follow-up data. This includes 25 adenocarcinoma (ADC), 33 squamous cell carcinoma (SCC), 23 non small cell carcinoma (NSCLC), and 9 small-cell lung carcinoma (SCLC). Among them, 5 cases were in stage I, 16 cases in stage II, 29 cases in stage IIIA, 15 cases in stage IIIB, and 25 cases in stage IV.

Patients undergoing treatment for cancer prior to recruitment and patients with other chronic diseases such as tuberculosis were excluded from the study group. The subjects selected for the study underwent treatment according to the standard protocol. The study was approved by the Institutional Review Board and Human Ethics Committee, and informed consent was obtained from each subject. Sputum samples and bronchoscopic biopsy samples were also collected. The pathologic stage was determined according to the TNM staging system of the American Joint Committee on Cancer.\[[@ref14]\] Data on recurrence, cause, and time of death were obtained from the hospital records. Sputum samples were collected for 5 consecutive days, homogenized, and processed using "Cytorich red solution" (Cytorich Red Preservative; Tripath Imaging Inc., Burlington NC, USA). The samples were vortexed with twice the volume of red solution and kept for 30 min. The mixed sample was then transferred to a 50-mL centrifuge tube and again vortexed and centrifuged at 600g for 5 min. The pellet was resuspended in buffer solution and again vortexed and centrifuged at 800g for 10 min. The cell pellet was again vortexed and monolayer smear was prepared using the settling chamber assembly provided by BD Surepath, USA. on precoated slides and the remaining samples were used for cellblock preparation.\[[@ref15]\]

Immunocytochemistry was performed in 5 μm sections obtained from cell blocks of sputum and corresponding tissue samples according to standard ABC technique using DAB as chromogen. Sections were incubated overnight with primary antibody, and Novalink polymer was used as secondary system and counter-stained with hematoxylin. Antigen retrieval was done for tissue section in sodium citrate buffer (pH 6.0) at 700 W for 15 min. Immunocytochemistry was also performed on monolayer smears whenever adequate sample was available, for which cell permeability was enhanced by treating with sodium deoxy cholate. Primary antibodies were procured from Santha Cruz Laboratories, USA. (EGFR, p53, p16-mouse monoclonal; dilution 1:100) and Novacastra, UK. (galectin-3, mouse monoclonal antibody; dilution 1:50). Human breast carcinoma tissue was used as positive controls for p16, p53, and EGFR. Prostrate tissue was used as positive control for galectin-3. Immunoscoring was done by two of the investigators independently, and a repeat scoring was performed if 100% agreement was not obtained for sputum samples and corresponding tissue samples. The percentage of positive tumor cells was determined by counting a minimum of 200 well-defined malignant cells. H-scores were then calculated as the product of intensity (0--3) and distribution (0%--100%) with H-score ranging from 0 to 300. H-score 20 and above was taken as positive. For p53 and p16, nuclear staining was considered as positive expression. But nuclear and cytoplasmic staining was considered as specific for galectin-3. For EGFR, cytoplasmic and membrane positivity were considered as specific criteria. Western blot analysis was performed for all the markers to assess the sensitivity of the antibodies.

The statistical significance of expressions of different markers with respect to clinicopathological parameters was assessed using Chi-square test/Fisher\'s exact test (for small samples). Overall survival (OS) was the main endpoint of this study. OS was calculated from the date of diagnosis to the date of either death or last follow-up. Survival curves were obtained using Kaplan--Meier method and were compared by log-rank test. All statistical tests were two-sided and *P* \< 0.05 was considered to be statistically significant. Analysis was performed with SPSS software version 11.0. Prognostic factors were assessed using Cox proportional hazards regression model.
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The subjects selected for the study included both genders with a mean age of 60 years.

The histological type of five stage I tumors with poor prognosis include ADC (1), SCC (1), NSCLC (2), and small cell carcinoma (1).

p16 positivity was observed as diffuse, dense, or focal expression in the nuclei, even though mild expression was noticed in the cytoplasm of tumor cells in some cases. Sputum samples of ADC and SCC showed dense p16 positivity in the nucleus and mild positivity in the cytoplasm \[[Figure 1a](#F1){ref-type="fig"} and [b](#F1){ref-type="fig"}\]. In tissue samples of ADC also, the expression was mainly nuclear but mild cytoplasmic expression was noticed in few samples. In tissue samples of SCC, dense nuclear expression was seen. Mutated p53 expression was observed as dense staining in the nucleus of tumor cells in cell blocks, smears, and in tissue sections \[[Figure 1c](#F1){ref-type="fig"} and [d](#F1){ref-type="fig"}\]. Correlation of p16 expression with various clinicopathological features showed significant association with histologic type of tumor (*P* = 0.002) only.

![(a) Dense nuclear expression of p16 in adenocarcinoma cells. Mild expression was noticed in cytoplasm also (sputum cell block, ×400). (b) Dense nuclear expression of p16 in squamous cell carcinoma (tissue, ×400). (c) Dense nuclear expression of p53 in squamous cell carcinoma (sputum, ×400). (d) Dense nuclear expression of p53 in adenocarcinoma cells (sputum cell block, ×400). (e) Dense nuclear and cytoplasmic expression of galectin-3 in squamous cell carcinoma (sputum cell block, ×400). (f) Dense nuclear and cytoplasmic expression of galectin-3 in adenocarcinoma (tissue, ×400). (g) Dense cytoplasmic and membrane expression of epidermal growth factor receptor in squamous cell carcinoma cells (sputum, ×400). (h) Dense cytoplasmic and membrane expression of epidermal growth factor receptor in adenocarcinoma cells (sputum, ×400)](JCytol-36-38-g001){#F1}

Galectin-3 had diffuse or focal expression either in cytoplasm/nucleus or in both \[[Figure 1e](#F1){ref-type="fig"} and [f](#F1){ref-type="fig"}\]. Galectin-3 nuclear expression had significant difference with expressions of p53 (*P* = 0.01) and p16 (*P* = 0.04).

EGFR positivity was observed as diffuse, dense, or focal staining in the cytoplasm or membrane \[[Figure 1g](#F1){ref-type="fig"} and [h](#F1){ref-type="fig"}\]. Monolayerd smears had faint and diffuse expression compared wih cell block and tissue samples. In that case, the expression patterns of cell blocks were considered for analysis. EGFR-positive expression was found to have significant association with metastasis (*P* = 0.028) and histologic type of tumor (*P* = 0.000).

Even though sputum cell blocks and the corresponding tissue samples had positive expression for all the marker proteins, intensity and pattern of expression showed slight variation between monolayered smears and cell blocks with respect to tissue samples. On univariate analysis of marker expression with various clinicopathological features, only composite stage was found to be a significant factor for prognosis (hazards ratio: 1.568, 95% confidence interval: 1.128--2.179, *P* = 0.007) \[[Table 1](#T1){ref-type="table"}\].
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Overall survival with respect to expression status of different markers {#sec2-1}
-----------------------------------------------------------------------

One-year survival probability for p16 negative and positive cases was 35.0%, and 42.0%, respectively, whereas 2 years survival probability for p16 negative and positive cases was 5.0% and 11.6%, respectively. Survival probability of p53-positive tumors was 38.6% for 1 year and 9% for 2 years. Patients with galectin-3 cytoplasmic positivity were found to have 1-year survival probability of 39.4%, whereas those with galectin-3 cytoplasmic negativity showed 1-year survival probability for 50%. Among the cases with galectin-3 nuclear positivity, 2-year survival probability was seen in 9.5% of cases. In EGFR-positive tumors, 2 year\'s survival was observed in 13.3% of cases. But OS for all the four markers revealed no significant association.

Survival by stage with respect to expression status of different markers {#sec2-2}
------------------------------------------------------------------------

One-year survival probability of p16-positive tumors was 60.0% for stage I, 47.6% for stage II, 50.3% for stage III, and 25% for stage IV (*P* = 0.01) \[[Figure 2a](#F2){ref-type="fig"}\] patients. Among p16-negative cases, 2-year OS was noticed only for stage III (7.7%) tumors. In p53-positive cases, 2-year survival was noticed only for stage II (37%) and stage III (5.3%) cases (*P* = 0.01) \[[Figure 2b](#F2){ref-type="fig"}\]. In p53-negative cases, 2-year survival was seen in stage III cases (20%).

![Survival analysis by stage with reference to expression pattern of different proteins using Kaplan--Meier survival analysis. (a) Overall survival by stage for p16-positive tumors. (b) Overall survival by stage for p53-positive tumors. (c) Overall survival by stage for gal3 cytoplasm-positive tumors. (d) Overall survival by stage for gal3 cytoplasm-negative tumors. (e) Overall survival by stage for gal3 nucleus-positive tumors. (f) Overall survival by stage for epidermal growth factor receptor-positive tumors](JCytol-36-38-g003){#F2}

In galectin-3 cytoplasm-positive cases, only stage II and stage III cases had 2-year survival probability of 38.1% and 5.2%, respectively (*P* = 0.03) \[[Figure 2c](#F2){ref-type="fig"}\]. In galectin-3 cytoplasm-negative tumors, 2-year survival was noticed in 50% for stage I and 25% for stage II cases (*P* = 0.02) \[[Figure 2d](#F2){ref-type="fig"}\]. Among galectin-3 nucleus-positive patients, 2-year survival was observed only in stage II and stage III cases, that is, 43.3% and 5.4%, respectively (*P* = 0.01) \[[Figure 2e](#F2){ref-type="fig"}\]. In galectin-3 nucleus-negative cases, 2-year survival was noticed in 33.3% stage II cases and 16.7% stage III cases. For EGFR-positive tumors, 2-year survival probability was 51.3% in stage II and 8.4% in stage III (*P* = 0.003) \[[Figure 2f](#F2){ref-type="fig"}\]. OS analysis by stage for EGFR-negative tumors showed 1-year survival probability of 57.1% for stage II and 10% for stage III cases. Western blot analysis of proteins from tumor tissue showed dense bands for p16, p53, galectin-3, and EGFR proteins, whereas normal tissue had no bands.
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Earlier studies have reported aberrant expression of p16 in 27%-54% of NSCLC, but its role in prognosis prediction was still conflicting.\[[@ref16]\] This study has observed that patients with negative p16 expression survived for a shorter period than those with positive p16 expression, but it was not statistically significant. This finding was in concordance with previous reports.\[[@ref17]\] Moreover, p16-positive tumors in stages I--III had significantly enhanced survival probability than of stage IV. Nakagawa *et al*. also had a similar observation.\[[@ref18]\] A few contradictory reports are also available regarding early stage of the disease and poor prognosis in p16-positive tumors.\[[@ref19]\]

The p53 protein has an important role in regulating cell cycle progression. Due to very short half-life, it cannot be detected in the normal lung tissue. Mutated p53 gene has greater stability and can be detected by immunohistochemical methods. Even though the role of p53 mutations in lung carcinogenesis is obvious, the prognostic importance is not proved. The poor survival outcome of patients with p53 mutation had been reported earlier also.\[[@ref20]\] Even though several studies have estimated the interactive effects of p53 with other biomarkers and also with clinicopathological features, no concordance could be achieved.\[[@ref21]\] In this study, the OS of p53-positive cases was comparatively lower compared with negative tumors. Analysis of stage-wise survival probability in tumors with mutated p53 showed that stage III tumors have worst survival benefit than stage I and II tumors. Other reports also confirm that high level of p53-positive expression in tumor cells has a negative impact on survival.\[[@ref22]\]

The survival probability of galectin-3 cytoplasmic negative tumors was higher than that of positive tumors. In the case of galectin-3 nucleus-positive cases also, survival was low when compared with negative cases. But stage-wise survival analysis did not reveal any uniform pattern, which may be due to the small sample size or heterogeneity of the tumor. Nuclear and cytoplasmic coexpression noticed in this study may be due to the presence of two variants of galectin-3, that is, phosphorylated and nonphosphorylated forms and phosphorylation is required for its nuclear export.\[[@ref23]\] Previous studies observed that proliferating cells had higher expression of galectin-3 in the nucleus than in cytoplasm, but quiescent cells predominantly expressed galectin-3 in the cytoplasm in mouse 3T3 fibroblasts.\[[@ref24]\]

EGFR expression did not reveal any significant association with clinicopathologcal features except for histologic type of tumor and metastasis. In earlier studies, features such as age, gender, and tumor stage have shown significant association with EGFR expression.\[[@ref25]\] Sequist *et al*. observed significant correlation between smoking status and EGFR positivity.\[[@ref26]\] This study did not observe any significant association between EGFR positivity and smoking status. However, among the 69 EGFR-positive samples included in this study, 65.2% were smokers. Another observation in this study is the significant association of EGFR positivity with metastasis that is in concordance with previous observations, that is, patients with mutated EGFR were found to have more chances of lung, brain, and bone metastasis.\[[@ref27]\] It was also noticed that EGFR-positive tumors had longer period of survival than negative tumors especially in early stages. The above findings suggest that EGFR mutation is a favorable prognostic factor regardless of treatment. This observation was in concordance with that of other investigators, where EGFR-mutation-positive patients showed a prolonged survival regardless of treatment modality.\[[@ref28]\] Izar *et al*. reported that patients with completely resected stage I EGFR mutation-positive NSCLC had a significant survival advantage compared with EGFR wild-type patients and mutation of the EGFR gene is a positive prognostic marker in completely resected stage I NSCLC.\[[@ref29]\]

The expression pattern of all the four proteins in tissue and cell block/monolayer preparations showed no significant difference on survival analysis. This indicates that sputum samples, either monolayer or cellblock preparations, can be used as an adjunct or alternative to tissue samples in survival analysis.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Immunocytochemistry of p16, p53, galectin-3, and EGFR in sputum samples can be tried as a predictor of prognosis and survival. Positive expression of p16 and EGFR proteins had a significant survival benefit, and alteration of these two proteins can be considered as a positive prognostic marker in NSCLC. Moreover, patients with positive EGFR expression had an association with metastasis, which suggests its possibility as a predictor of occult metastasis. On the other hand, positive galectin-3 expression and p53 expression had a poor prognosis compared with negative tumors. Even though the pattern of expressions of different markers shows heterogeneity, data revealed that these markers can be attempted as predictors of prognosis and survival. However, further prospective studies with more number of samples are suggested for the validation of these marker proteins.
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